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(57) Abstract: An autothermal-type heat exchanger where larger heat transmis- 
sion area is achievable in spite of a limited capacity, relatively easy to produce, and 
provides vast improvement in heat exchange efficiency. A heat exchanger having 
a partition wall-type heat transmission body (BF) for partitioning a high tempera- 
ture fluid (1) and a low temperature fluid (2) is characterized as follows. The heat 
transmission body (BF) has a bellows shape and formed such that both fluids (1, 
2) flow in gaps in the bellows portion of the heat transmission body (BF) in the 
directions opposed to each other along ridge lines or valley lines of the bellows 
portion. At one end or both ends of the heat transmission body (BF) at which one 
end or both ends the ridge lines of the bellows portion intersect, there is provided a 
flow-around space portion(s) (F) for causing one of the fluids to flow around into 
the gaps of the bellows portion on the opposite side. Heat is exchanged such that 
one of the fluids that flow around into the opposite side through the flow-around 
portion(s) (F) becomes the other fluid whose heat is to be exchanged. 

(57)^$^: mi^tifzmm(D^v<^^)x^tj:Bmmmfi<m^*i. 35>o. 

^mx^tzib(Dmmm(D&m» (bf) $*-r-5!5fts«sicitet^T. 
m&mi^ (BP) mmmmvt'r!^^). isss^* d. 2) t^^tLx 
la^c^i* (BP) a)itfiSP5ja)^BSSP$«lsg:^rS]xii#ia:^[S](cit^o 
x\^^^^^5\zm!&^*i. isassfti* (BP) (DitKSP^o)^ 
mts^t>^-^m^{tm^mz. -y5<D^i^^mi^fs^i^ (bf) cosj^f 
mmms^^(o^mwzm^js,^i±^tzisb(D3iw\s\^j^^^rs&i (p) 
*^L. isssftigyiiJ^^rpisp (f) ^i^'Lx&Mmizmk^i^^fz^ 



WCr?004/010068 Al IlllllllllllllillllllilllllillllllUllllillllli^ 



305-8569 o < itm 'Mf JH 1 6- 1 iS jiff iS 

mxmmmmm^m^mi^ ibaraki (jp). 

(81) fgSS CUP^;: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID. IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NI, NO, 
NZ, OM, PG, PH, PL, PT. RO. RU. SC, SD. SE, SG, SK, 
SL, SY, TJ, TM, TN, TR, TT, TZ. UA, UG, US, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Ji^ii (Oamy. arepo (gh. gm. ke, ls. mw, mz, 

SD. SL, SZ, TZ, UG, ZM. ZW), ^ i/T*#fff (AM, 



AZ, BY, KG, KZ, MD, RU. TJ, TM), 3 — □ *V 
(AT, BE, BG, CH, CY. CZ, DE, DK, EE, ES, H, FR, GB, 
GR, HU, IE, rr, LU, MC, NL, PT. RO, SE, SI, SK, TR), 
OAPI (BP, BJ. CF, CG, CI, CM, GA. GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 



wo 2004/010068 



1 

m m m 



'CT/JP2003/009202 



X ^ m:& mzm-^o § i±s fc^^;^- ifli jc: (qj >{)^ a i^m. {3 5 ^ § c 

{:^m :m3 9mmm->>:!f^i^r^A. ^mm-^c 145. s^^i 1^2 1 
B-i 1^2 3H. mm. #Mo). mmmmmmmMm^mmLt^:^^ i^mn 

6^2 5B> #^o)> mm:^\^^-^mm^tizij0^m^^mmm^m^m^ 



wo 2004/010068 




•CT/JF2003/009202 



^mmhtc:^^ mm2 001-34952 4-^^^#Mo xm-.^s 90^^;^ 

^^H-^C 14 4. 5p^l 3^11^21 H~11.^23Hs m. 

(1) -mumi^hi&um^^mx ^rzisb(Dmmm(D<^mi^^m-t ^i^^m^iz 
^mM^mm-^m^i±^n:&i^ii::^^xmmxit\^mT^^oizmm^tix\^^^ 

*5v>T. m^mi^t^t!&mmm^x^\). mmi^t^±tvxmmmi^(Di^m.^^(D 
^mm^mu:^\^:^i±^u:^\^izm^x\Rim.-r^x^i,zm^^ns ti^-Os mi^m 

(3) (a) ■mu^i:^ti&^m,<^^mx^tz^^(DmmmoBmi^^mir:^m^ 
mmi>zi5\^^x. m^mi:^iifimm.mm^x^\). mmi^it^^hvxm^mi^(Dmm. 
^^<D^m^^mm:^]^:^it^m:^mizm-oxmm-r^x'^izmm^ti. ts^-^. 



wo 2004/010068 




'CT/JP2003/009202 



3 



(3) izmmoRm^o 
tuta ( 3 ) izmm<DR^s^o 

lulB (4) iZtM(DR)iK^^o 

^^h-r^Bui3 (3) xj± (4) izmmcDRmmo 
(9) (a) i^um,i^tm,umi^^mx^tcm(Dmmm(o^mi^^m-r^m^ 



wo 2004/010068 




'CT/JP2003/009202 



4 



^^IJ«T- b ^ * i: -r ^ $i*r t - ^ o 

(10) (a) l^^«^^2^^i£?a^l*:^BiT^fea&©PSMM©feifti*^^-ri)^ 

(12) ^3lm't^^^•r§^at^i{JS^ x^—^~-tLX(Dmi]^mrciir%(DX' 

(13) mis:m^(D^mu^(omMm^. mm. mmm. mmu. y^)v^- 



wo 2004/010068 




'CT/JP2003/009202 



5 



(14) ^E^^Mo— ^^lipu "^n^^i^m^T^^^^^tvrci^t^imwc 
t-t^mm (2) i:i$m(D^^m^mmm?^m^o 

(15) mi^mi^om^o-^^^w^'m^s ^:i^m.i^m^5^<^mhht^^ 
}i^^m.hir^mm (14) i::mm(D^um^mmm?^m^o 

(16) mmi^mo~^icmmifim\:^t^ixitm.m.(omn^^m'^. ^^^m 
i^m^Tk^^tvtc^it^mwLt'r^mm (i4) i^imo^-Bm^mmm^m 

7) i^zmmo^smi^mmm^mmo 

SHufB (17) {Cs3^CD@Bllft3^m^l^^^m^o 

^2Ej{±. (a) itmimcDiEmmum. (b) (c) i^mmoiEmm 
^6Ei{i. (a) \^^5m<DAEmmnm. (b) st>* (c) i^mcDiEmmm 



wo 2004/010068 




'CT/JP2003/009202 



6 



H 1 6 EiJA. 1 (omm-^-^^o 
mnm\±s mmi<Dmmmx-&^o 

m2imi±s mm4(Dmmmx'^^o 
H 2 3 mit. m^m e (Dmm^-^-^^o 



wo 2004/010068 

7 

:^mmm(D^^mmit. ^mmB^mi^ (bf) ^^t-r^o iz(DmmM^mi^ 

u m^'^-r) m^ift-hxmm^'^^^:hizx\)->—)\y^tixi>^o ^tz. i&m 

^^(Dmmtw-'fyti^^mi^ (bf) ommu (a:at>*a') mmm^m^o 

T^m^mmcDm^m'm (B^t>*B') i:Iov^T{i^ fs^f* (bf) omm^k: 
^mmm {brv^b') (Dmmt^i&m(D}^y^izit^xt^i^fi)^<f3^^x^y). 

^^lc2?Sg#:®aiAD □ (D, D\ E, E') ^mi^ (BF) COmUtm 

mtj^^2'0(Dmi^ti^. tejKMfe^^ (BF) ^mxx^fi^tKD^mm^mmcD 

(W.tllJSi.V^2) $.§V^«|q]^ (i:&tf2') -T-S^i: 
(BF) ii\.Xi±. ^>t^>^7^>V::^^*f^ffltfT0^< ofc^,CD^. 



^^CT/lP2003/009202 



wo 2004/010068 




'CT/JP2003/009202 



*^^Bfe!&SJKMiS^#: (BF) ©#^:atJ<^miT^§o !&SJKMlSmf* (BF) (D 

bT J; v^o c: CD ck a i^-T ^ Jc: J; D 

^f>fc. ^2121 (c) ®B>K^Ril:^^a^3— M^^feB3l2I©J;^^m^^■r 
^^:^^:%-^§^o !i(Dm^. mnh^nti:Bimii^ (bf) cDW^sv^^c:^^$, 

i3^^±BlllI^7c^j;Sb]fe=&^:0•^^bTv^;g>o d, e, d', e' itmimtm 

mi^. "tfi^timii^l s 2 (2') CDitiA?) P-^$>Dx m'f*:2CD?&|qI^^;1^3 
(2) (2') iCife^fe^o ^©^3tT-t±. :J^|*jfl®A. A 

{±^iia®^'a-^iBib<. (BF) (Dm^mh^mmmommi^mmo}^^ 
om^. ^mi!^ (BF) ii^i^Bi:i*imB' izg^^tiife^p^f^fcgA^tiSo mm 



wo 2004/010068 




^CT/JP2003/009202 



fc> m^i^ (BF) 0^J^i:¥ff•r^Pa^g§P^-ov^T^±. m^iz^^izmm^"^ 
^f^mi^i^x. m.i^t^^mi^ (bf) ©s^micu— ^b^v^j;^i:i$^— ;vr^ 

F) ^^^■r-SVU::RM#J^3ab§-^®^^'f*:®tBX D P (Ds D\ E, E') 
0f^fc^?fcD:&X^5P^ D' ^ffiP^iU ^e>i-N (BF) ®— :^cdm 

(A') ^^mt^-)^'r^(DX\i:l3i<. XDP (D) 

(BF) (DRnMm^z.m\)^^^^t^^(D^^i^m^^^'^m^'^ (f) ^igjtfcci 
mi$^ (BF) :&^^^-csv^^^lRI:^t-§^Bl^^^^§y<z)ift^^^^^^^o ^fe. IrI 

mem (a) itm5m(D^Bm-^mm(Dmm^iEmmm,mhhrc^ox^^o 



wo 2004/010068 




•CT/JP2003/009202 



10 



i;bmT-$>^i^^^{i^<N msm (b) ©<tac. (bf) ©^^:^(q] 

©tla^gPfc^^mAbP (D, D') *^lt^c:^l-<t ?)^ Xt)P (D) *^^«E 

fc^PM .(F, F') T•lIl^5ai^:^m^ -^mvxma (d') ^^m^«tafcb 

T*)J:X>o 3©j:-5fc:-rSii:iii-«fc?). M (A) icjsltSfe^^: (BF) i:^^ 
^'(b © — ;i/ *5 i3 o 

^^ic. Hem (c) mem (b) cDcta^+:^^i-ttiA?)p^3tt>mf^ 

Sv>ia:?^i*:cD^'f*:ff^^i:b^ $ ^ idR^H^tcbt. m^t.^t>^^mii^ (BF) 

mm-^i^. umi^mmtr^^^mn^ (f) ^-:^3mi-boo. mm.^^(Dmm 

^^mm (f) iz^ma^ (t— ^) ^^v^^il!Ri^l^^ (g) sb^ 
(i^v^) mm (mm umtts^^^m^ (f) ^i^-rin^ (^^4p) 

$nfemm«^i:®^'??fe^■r^ci:^cJ;t)^ ^P^gP (F) t?*>^»5©l^M m 
U) iztji-ox^. X\)n (d) izmr^mn (D') T(D?ajStt^n{Sh'i^< 
(■so (^J^f^D, F, D' {c:j3{t^SiS3&5^^^n2 0°C. 70 0 

-C. 9 0°C)o ClCDcka^ajtO^tDJ*. mf*:>&llftSi<S^-fr^:fe:ie>Ja^f ^i^^^ 



wo 2004/010068 




'CT/JP2003/009202 



11 



^mi^ (BF) (ommm'Om^^ ($>^v^^±^gl5) (Di3T\)mfM^ifi^m^ttci: 

K). P-^oSrB^WCM^PidSd (m) T-fe^^-T^o ®^Pid=10.-' (= 1 

li= 1 4 0/1 7 X A/D 

T*#;l^ti^o ClCTN -^^1 4 0/1 7{±3imNu s s e 1 t^hmtti^M 

(W/m-K)^ D^'Ri^S^ilWtl^^^S-es ^fr^^©:^-^}* 
D = 2 d 

K= 1/2 h 

K=3 5/17xA./d 

^^^o ^T^7 0^c*3v^Ts ^mn^^i^mt ^m^^mMx^. ^(Dmmm^i^ 

ICQ (W)> (?am^#tt^SJfe^/^^)®t■r^) ^>tzCp (J/K 

To-Ti = Q/ (>aCp) 
iiJfeSo fc;^U ilCTyatim^OSSmfi (kg/s) CMMi^O^EE 

jti^ (j/kg • K) ^^-To (F) izmx-r^Mi^um. 

Tro-Tri = Q/ (//Cp) 



wo 2004/010068 




'CT/JP2003/009202 



12 



0= (Tro-To) / (Tro-Tl) 

4>= (Tro-To) / (Tro-To + To-Ti) = (Tro-To) / (Tr„-To 

+ Q/ (/zCp)) 

fjLO^ (Tro-To) =KA (To-Ti) =35/17x A/d • A • Q/ (// 
Cp) 

<z5= (35/17X A/d - A) / (/zCp+ (3 5/1 7 x A./d • A)) • 
• • • • (1) 

( 1) ^^fflV^■r. ft^ 1 6 0 0 mm. ifS 2 0 0 mm (■r^t)-feA= 0. 3 2 
m^') ©«;5?i^^^^4 0mm^PSc:hlc4 0Mt:^Da{:f> PJ^^^M^PS^ 

1mm (=d) >L\.f^WmmBmW (BF) l3'ov>Ts bT 2 0 "CS 

^ (^jgp= 1.16 6 kg/m\ ^jEJi:^Cp= 1 0 0 5 J/k g: • K)s ^ 
3^g|§|©#ib^{4^3&s2 0'W?aT* A (=0. .0.2 5 7 W/m • K) A^-^^:^^ 

bfe:^-^®. ^^^iiv (L/s) iii^3:^m¥9i®li#^^*2>:fe^^^^iJ-^ 

//=<ovx 10-' (2) 

(^1) 



wo 2004/010068 




'CT/JP2003/009202 



( 0 tt*S:*(0^(l)i:(2)J:y . T(0^/<^^-^fiI*ffll'^"C^Hi) 









1.166 


v(L/s) 


^xlOO (%) 


Cp (J/kgK)= 


1005 


1 


93.5 


d (m)= 


0.001 


2 


87.8 


A(W/msK)= 


0.0257 


3 


82.8 


A W)= 


0.32 



v= 1 h/s(Dh^(D^mmm\±3 e 0 0 v/V= 11250 h-V^:fe§o il® 
<^;5 5S:^^V^^r^?SS^3*5V^T%. t^^®l^{3'(g^b;^cc^;^^-'fe^l^ (BF) 

s (SV=22500 h-Os 3 L/s (SV=33750 h-^)T»^. ^tb^ 
tl8 7. 8%^ 8 2. 8%i:V>a^VN^3Sm^*5^t^tlSo 

^^2lc:^t-o B:mi!^MntVX\±m-^ 0 . 0 3 mm©;^7^> l^:^®^ffiV^feo 
OW^^^-^fco v= 1, 2, 3L/sl:n:^n^tL7 8, 6 9, 6 8 
(^2) 



wo 2004/010068 




•CT/JP2003/009202 



14 



























(L/s) 


T , CO 






4> (%) 


1.1 


23 


52 


152 


78 












2.0 


23 


41 


82 


69 


2.9 


22 


34 


60 


68 


*0 = { (T„-To)/a„-T,) }x100 





(BF) <z)^^®. fe;5v^^±^^^:*sIp]^)?2.tf^g®^3?fiv^^®^c:M« (H) ^m.m 
— fig ^c^jis ^ ^^-r ^ ^ ^ § s o 

iyXm^ 0.03 mms ifi 2 0 0 mnis -M.^ 2 7 2 0 mmO;^'7^> 

?&iqifc^b-tit^i^4 ommp^Pi-ethe 8 Mi-iff D . ±i$-m^t.\^xm 4 0 

X 4 0 X 2 0 Omm®. ^5 laid^-T J;a3feie^#:®teJ^ff^^^f^^f^®Jbfeo 



wo 2004/010068 



'CT/JP2003/009202 



15 



«1. IL/s (S V= 1 2 4 0 0 h-0 i:V^ait^e^l«^^?tJST•^)^ ^J^J^ 

0. i%© h;i/j^>^j^9 4%©l^*^-eco2i:H2 0i;i^^^Mbfeo 

(^3) 









































L/s 


% 


% 


% 




°C 


"c 


% 




0.32 


0.2515 


0.0038 


98.5 


21 


88 


323 


78 




0.32 


0.2886 


0.0123 


95.7 


27 


153 


585 


77 




0.30 


0.291 


0.023 


92.0 


20 


97 


378 


79 




0.31 


0.080 


0.004 


95.1 


21 


76 


300 


80 


0.62 


0.100 


0.005 


95.4 


23 


124 


416 


74 


1.14 


0.108 


0.007 


93.7 


23 


139 


441 


72 


2.00 


0.151 


0.014 


90.4 


23 


190 


487 


64 






i — ^ D 7m 


g))x100 





volatile organic c omp o u n d s ) 1,zX^^M,f%^ 



wo 2004/010068 




'CT/JP2003/009202 



fi^^mm^^^ji^^^'^^mm (h) ^i^n^^^^t^iz, ^mi^ (bf) © 
<o mi^umi^±wr^ic-Dti. (bf) cDAtts□^-7£v^gp:9**^^.^JPif^^ 

DA^J&DMtl^o ClCDfci&s ia^A^fe^i*: (BF) ^-f^t^^f #it-:?T. 

Jl&^^ffiS^-r^^^^;!/^- (J) mi^tim^7h:tsmmi^ (BF) ©i^Mid 
2|s:M;;&^t3<fctulSs SJit*sg*>lg<:fe?,^TO (F) ic^-f;!/^- (J) ^IB 

©J^^^t^^^K (PM)^ ^ D fcit^cDpfoHft;^^^ (l"t-) {*6 0 0 



wo 2004/010068 ^^CT/JP2003/009202 

17 

icc:ei^-e±#^-i^T7^;i/^5'-i3jit!E^tbfe (pm) ^m^hh. y^jv^-m 

^^^mmn (k) ^^^VA^siiii^t^. isfifti*: (bf) 0«^<^AS(n|i9aitf«^® 

(F) ^^<U ^mi^ (BF) i:® (AO i:©P^^i>'-;i/bfe^at^ 



wo 2004/010068 ^^CT/JP2003/009202 

18 

mm^mi^^m^^fi^o ^su&^t-j*. ^mi^ (bf) izmmm^t^js^^^i^t 

t-i$'{i. ^5 0cDSB^^^m^l3*5V^-ts ^f^^^HI ^2bt?S^^ (F) {3^^!^ 
(N) (F) i:^gpi:^tt-eJ^M®-igp^i-^fE^SZfct>*ift 



wo 2004/010068 ^^CT/JP2003/009202 

19 

(SI ommm) 

T^ mi^i^B^^ts^f^^ (F) h^^t.^it^^mcD-^^izm^mmRV'^ 
mmmifi'm^^^mmm. (p) ^m^tcmmttj:^x\,^:!ho :^mm\i'-^'v\t. n 

S o 

gptc. m^mi^ (BF)- ^iiJ3ij{@®3aMi4^*:ri>a3tf2^5fe^i>^»i< ^'fe ismj^ 
±^^^*)©T•^So ^bTs ®^si!l^^^^^'^^^t^l- 
SI 60»s mmmi^^hx. mmM^mi^ (bf) 

JSPIfl^>K®X7^>V:^^}^M- (m, m') ^ ti ^ SUfSJ^ff^^^^* (B 

F) (DT^X(D^W.^^i^A,td%(DX^^o ^i(DXot^^m^i^^^ts:lhiz^1o. 

B:mmmmifi-mi^^j^^. mmr^^mi^ (bf) <D^m.m^i5i^^mmmi^m^ 
tixm^-:^\^(Dm^'^tmi-s ^(D—-:/sxm'^'^B^w^xmM^i^^Mvx(D 
Bm'iiifi-mi^\)W.mtM^:&\^(Dumt^i^-'<\:^ir^. mmm^mi^ (bf) com 



wo 2004/010068 




ICT/JP2003/009202 



mmm (mom) nfizK^r^-^^o^mmir^^hti^m^v^^o ^ra. mm(D-j^\^t 
bT{±s mi em^^^^-rx^i^^mi^ (bf) 0mm (^§v^{±^^) izmvx 

lE:?^i:bT*)> HI 7^ (a) iZTTit ^'^^n:^t\^x^ J^\,^o 

•rtiit)%m^ 0.03 mm^ M.^ 1 6 0 0 mm> $i 2 0 0 mm(DX7^> UXfg^^ 

m^:^i^i^nvxmniz4 ommr^{;i4 omi:^^^m\-fr^^m.mi^mi$- (b 

F) ^coV^T^ 1 0 Omm©M^®fc::7'>>V^:^Si^S 

^^^3. mmO, 4 5mm. 8 p< i^:x®5|Z^:;^^> 
(HP^T 3.9%) ^mm:^l^^sE:^^VX 4: 0x17 5 mm©:R^?F^^3:t^ 

V^■rtl©VO C^30V^T^). ^4 tc:^bfeSi^&^^^i-*5V^TgBm'^b6^^cS^^>i)5 

mrnvtco ^3(D^^hit^xBM^ti>^x'?i>^. ^mimmt^2/3mmx$>^ 

^SjiO. 6 4L/s®^?t^{^T"l^3:5m^{±9 2%tC^-t?^b-tV%;|>o ^Ltilz^ 

o T M^^^s^^ g 3^^bfi<j izm^x # ^ V 0 C ^iJ^*s^ b < /JN ^ < D . IH^^t 

h;i/-c>T*l±. 0. 0 2 3 %i:V^^{S^iJg■^^)MJ^^^^i^TbTV^^o ^fe. 

vocl^*^4)i^'ft2-^:tli:Jt^T^^^6^^^^&^^-IHI-tb•rv^^o tct^i^^ m. 

3t2. 9 2 L/s ^V>aiff^^7iS (=3 2 8 0 0 h-') T-*)s 0.06%©h 
J]yx.>i^^-amih&3iz9 9 %©^^^T'C02i:H2 0fc^^^Pbfeo 
(^4) 



wo 2004/010068 




»CT/JP2003/009202 











































irK'W I7w l~ • 




U/s 


% 


% 

A) 




°C 






% 




0.33 


0.022/ 


U.UuU / 








116 


89 


0.62 


0.0246 


0.0005 




OR 




129 


88 


1.13 


0.0410 


0.0007 


98.0 


ZD 


•fro 


143 


85 


1.98 
2.93 


0.0607 
0.0801 


0.0012 
0.0015 


98.0 
98.1 


26 

26 


01 
O 1 


160 

187 


81 

79 




0.33 


0.1115 


0.01 07 


90.4 


Zi 


DD 


422 


90 




0.33 


0.01 97 


0.0002 


99.0 


22 


o/ 


136 


87 


x^iy— ;u 


0.31 


0.120 


0.006 


94.4 


22 


50 


268 


89 




0.34 


0.0200 


0.003 


82.6 


22 


19 


154 


87 


0.64 


0.023 


0.001 


95.9 


23 


39 


213 


92 


1.14 


0.025 


0.000 


98.6 


22 


50 


229 


87 


1.59 


0.051 


0.000 


99.3 


22 


68 


302 


83 


2.00 


0.044 


0.000 


99.1 


22 


73 


286 


80 


2.92 


0.060 


0.001 


99.0 


22 


93 


320 


76 








t-APSJt)lx100 





{^mm 2 ) 

^_/7D>^ (FC) ^fe^^at-f* (m, m') tm^^t>'^X^m.^B:^i^ (B 

(FC) o-i®:&^Tt)«^T'/?^^^<fe^ib imism (a) ®R®gp 

(FC) ®-:&cDM^ftl®^PtBP*5!lfem>t>tcDS^:&(^®-«-r':7^;i/^--^o 
(FC) g#lCcfc?)gHC^n^o c:n^^SEj^tBXt3P*itoit;5^^^^t:iR«). 
7>f;l/^-^^D7g^:^d^v^:;^cD^g®^?S^^e/-;^« (HiSEi (b) ©s) x 



wo 2004/010068 




CT/JP2003/009202 



m^tt^i^. 7^;i/^-^n:^ (FC) (R) i^^m^^^^M^ 

T) ^m\r^xm<'^t^x^. ^^mi^mmy^j^^—h^yrttjL^^o -rut) 
^'18^ (b) \i:L(Dm^i^(Di£mmumx:^^t^. mcDiEmmx^n 

^£^nTV^5&:V^7lM,ttCDl^V^^|5r^•'e>'^;^<S^ — (F C) ^MMX^. 

^19^ (a) {is ^18EI (a) tmmoy ^ J\y^ --i^ u (F 

F) Xl±. ^1 9EI (b) lZ7jkTXol:i. ^ft:A!9P (D) ^^m^XO^^^Z 
MffMsf^^^ (BF) CDm^®ai^2gPt^{-±S^i-^Xb^-r<^c§®-e. 

^ o 



wo 2004/010068 ^VCT/JP2003/009202 

23 

tmrniy^inmi^ (bf) izmmun^fix\^^^%(Dti.tztK :i(DmMm3i±. 
^fiioomnmuu^^mii^ (bf) iR^i^^mmzmAjtd%<D'v 

^ o 

mmm^ (Dmm'&^Mn^m.n u ^ * t- § o 

^3t#:^Mv^fc^)CDT♦^^o m^i^m.mm^i£--^x. m^tj^mM^^m^^ir 

:i!zxs :^^mm3(Dm^(D—m^m2omiZ7jkiro ^(omit. miernxm 

1343V^T. (BF) (m') ®F^{;i. M^^©^t^'l4*^3is^^ 

fii^bifei^Jt^owifif't^^px (CL) e)fcfefe^^^3^,^:^iBm^s^bTv^So 
CD J; a {cfKiitf* (BF) tmmcDmm^^n^^ts ^ X \) . i^-am^mmh 

3ts:^?f^-^J3®^H®±f3^?!j (112 0 0) ©^HE^J^^^-To ^ 5 
^iSift^ (BF) icS^bJfe}b^ofeci:iJ^^{±Mf^3-^^i:PI-d-?5fes l^^atoife 
(m, m') SB^^^^i^^ic, ^^^leoOmnis $§40111 

m©0>I^O. e^M^«^aitbfeW^'l4^nx (CL) ^^S^HI (P?i<5^4M#7£ 

3 0 0h-') T-^s al^C^b3feSirafit^c:{5i^^bV^l^V^i^3^^^^AS^#^tLTV^ 



wo 2004/010068 ^^CT/JP2003/009202 

24 















* 




Us 


% 








% 




0.33 


0.0215 


27 


39 


148 


91 




0.63 


0.0260 


28 


44 


172 


90 




1.13 


0.0515 


28 


51 


231 


90 




1.98 


0.0807 


29 


65 


300 


88 




0.33 


0.1610 


26 


58 


529 


94 




0.63 


0.1810 


26 


54 


429 


93 



::<Dm^M,i^<DnMltO . 3 3 L/s ilbfeo H2*se#^^±T*^ 

±&?ajifTroJi5 6 7°C*T-Jb#-rSi:i:*){-. JiiS^ tfri-2|s:i«ft^:g:M3iibfe 
;t7— 5ji>::^^ y ^fiO . 10 9g (=Wc) hi]—^>y^^y^<DmihlzJ:.-oX 

^bfeco2i:co*^e)»m^nfcj^*p;b— 5}^>ao . i75g (=Wcox) >6^e> 

5lci&€>tife;b— (=Wcox/ (Wc + Wcox) xlOO) it6 2%t 
^ofeo ^*d\ ±IB©Troi:AD □?aiS2 9"C (Ti). tBP?ajSl 2 3 (T 



wo 2004/010068 ^VCT/JP2003/009202 

25 

(mm 4) 

mmm2mmm'^m^rz^'Bm^mmm?si^mm<Dmi^m^ih^^ (f) its 

Hfli-f*: (BF) ^ifcem>yti3^f)ffl{fTJf^fi!^^tlSi^ffi^^CD*^fflV>Tl/>^:?^. 

(a) {C^-To !teJKSy^5i?t#: (BF) ©-ocD^ ffltf ®^-*5V^Ts 15 

Hftf*: (BF) CD— ^^^ff^JKfc^Dm-:>T^#:|ll?)3i^gP (Q) i:bfe%(DT'$> 

^)cfcV^o ^©J:afc-rS^x -fel^f*: (BF) (s') CD^tdPt^^^iS 

*^B^?'J4CD^®— (is B^i3^2^^te^?!Jfc:feV^T^ {e^^: (BF) 

(o~m^m2 im (b) j^ts^-To cmjis mm.^mi^ (bf) cD#w^)ffl{fM 

^> :^2 im (a) PiPgP*s-l5llft<*: (BF) ©TO^M^fe 

e>1"s lflbe.tb}^c¥M^M^IJ^i^TV^S3 ^tr^So HP^ (S) (±|Il^b;feJ: 

P^ (S) ^^ltS^^fcJ;t)N fellft#:SS®t^^*:IilJ532.55^©fe»Og^P^*t)^ 

(^?1^^J5) 

^DXi:^m^'^t)-fr;^^®T'^So -r^fc-fes (BF) 



wo 2004/010068 




'CT/JP2003/009202 



26 



m2 2mii^^^M5<D-'m^^'ro 112 2111 (a) iz^-tXol^. MM4£* 
i#fe^v^<Ef^#: (BF) (Dm^mi^M:^m'(D:7.^-'\)— (m') ^WktSo ^om. 

(m') omt^^^i^ (BF) (Dmi^^^T^^^mm^Dmm-r^^^ 

{::lBS-r^o ^^V^-t;\ i^mi^ (BF) ©— gp^^^'^— 9— (m') ©s^tBgP^lc: 
^)^^^J;aj3. ^mm^m^l^^^^l^^t^tc^^'^^^ (R) ^itfeH^}fe:7^;i' 
^— ^J^d;:^ (FC) >fe^^-y-So ^e>^3> Rgp^fcJifi^c^^s :7^;i/t5^ 
— (FC) ^ISI^'f*: (BF) CDM^lc^fe:{)S§ 1^— (m) ^ 

11221a (b) :iti^m^<^<D^w:m^^^^mmi^^vtc. ^mm^m 
m-^jL^m-^^^ML^x^fc^t^owi'mm'^^^o -is^^ (bf) (D^mt^^^^ 

— ^nx (FC) ^jIUTX^—- t^-— (m') 

j^tcbTmWij^ptgpcDS^^^fei/— ;l/■r§;^^^i:b■r^)J:l/^ (^2 20 (b) ® 
.;fe)o .... 

CI ©«$^J 6 ^B^J 4 ®?f^>i:»t*^-ofs^^ ( B F ) ^ X ^-1^— ^^^atf* 
(m, m') iiy-(JV^ — ^u:;^:tm.^^iD'^rc^'E.m^mMy^J\^^—h^y 

m2 3m (a) it. :;k^—^~^i^mm^n^ti'^^m^'^^ti^t>^iz. m2i 
m (a) (Di:.^tjLmy)7L^^^-^uWiWmm^w^. y ^ )\^^-^xi7. (fo 

}L-7.^-^-m^'m.^ (m, m') ^®g-r^c:i:i-<t =gElESffl!l>^^— 9— 
(m) <&•iE^^^:W>{)^^2;^ttS$-fr^V^T»%7'f ;Vi^-^tl^j^oa^$|5 (Q) ^ 
fl^^bfe%0r'^€>o ^(D^o\z.^-^}L. 'e^<2^(BF) i:::^^— 9— (m) ® 



wo 2004/010068 




ICT/JP2003/009202 



sfe. m2 im (b) (DX'^u^mi^mutmtji^rjii^^mnu^w-^umi^ 

(BF) ^fflV>T. ^2 30 (b) ©J;dl37^;v^-^J7D;^ (FC) i::^^— 
■9— ffii^a^^ (m, m') ^SagbT cfcV^o c:©«fc-5i3-r^ i:. 1S^#: (B 
F) ty ^ (FC) i::?^^— y— (m') ©S®®:?^S^t) C:^^— 

V^ S CD ICji UT S o 



wo 2004/010068 



T/JP2003/009202 



28 



1 . ■muMi^t&umi^^mx^rcisb(Dmmm(DBmi^^mir^m^W:mJ>:::^\^'^ 

2 . ■^umi^tmumi^^mx^fti^(Dm^M(D^^i^^mT^^^^^i^:^\f^ 

X. 

3. (a) mum.i^ti&^mi^^mx^tci^com^Mo^mi^^^'t^mis^m^ 

tiSV^Ts 

*^b^ 



wo 2004/010068 ^^CT/JP2003/009202 

29 

mw.i^Mf:)7^.^^r^^^ift-vxRMm^m^^A.rcmi^t^. m^mir'-<^^^ 



wo 2004/010068 ^|||^ ^^CT/JP2003/009202 

30 

v^■r^ 

M#:^bTl^HJJSe!(;^^^t?^)®*fflV^:5^^i^^i^m^■r^ffi*rt-^57o 



14. -fel^ft:®©— gP^llPb> ^c:^^<*:|HlD72.^gp^hb:^c^^^iNFma::-r 



wo 2004/010068 




'CT/JP2003/009202 



31 



15. miS^^^oiWo-^^^^DmDs ^^^^.i^m^^^^thtc^i::^ 

m 1 2 :® idfem© g ^m^mmm^m^o 

^ 0 III ?) 7 ^ - ^ D X jlrSJKt^tz jF^fife b c ^ ^i^F^ ^ -r ^ ft^^H 

^1 7mizmm<D^-Bm^mmm^mmo 




•CT/JP2003/009202 



wo 2004/010068 




wo 2004/010068 




►CT/JP2003/009202 




wo 2004/010068 



T/JP2003/009202 



11/23 



1 im 




wo 2004/010068 



CT/JP2003/009202 



12/23 



1 2 



D (D') 



yyv ^w'/ '-rx -^v. vt^- /k' 
'/(4 f\f 'Jf. 

y*'/ yy^ /r^> fjr/ ^jry w. wi 
>4 '/f* /|> >4ty v{^- jy* 
f4 >v> /I'y /J*/ /]t^ ^Jty fjtA '4/. VV/ v^/ 
y}'^ yj'^ f\/fJ(A(A^\/^\?f\/(-4 



4k > f'^/ ''>*y vVv y 



'4''' ''i'' 

^- y^v y^> ✓J'-' /"i 

yk> yk* fM^j^MrM^JtA'AA 
f4 /fj /h M> M"/ W vv"] VVi 

y^v yjv /iv 'Jy ^J'fhVJU 
f4 yt> yfv y^v .^-r^ ''-fy 'M y 
/4 yf> 'Vfy / 

fkA'Mf^Jt\'j(y w w '-V- >Vi / 
^Jy i^jy, 'Jf4 yj'o y 

fJi/^yitMM/ w -U*^ '>iy. ^vi yKj/ 
i^o yj'w- ^^y ^-fy vjy, y}^. 

''v '/W /iv ''-'^'^ '''''■^ M '-^^ '-^^ . 

yj^. yjv ^y f\y f>/. ^ y}'- y}'4/J 
^4 yv> i-Tv" yj'/ /jTy ^x/ <«y. viy. 'yv. yvy^ 

'/f* y}v yf/ ^^y f3(^ vjy- vj^. ■y{('- 

y}-. ^ yt> 4y ^-(-y ^^k'- 5?« >V4 
yiyv> yy^ rr^ /Jr/ fjt/ fju. r^. xV^ yyv 
y^v y{v y|> I'J'y </fy '4^ v{yj vy- yf^ 
yV- /Ky yiv //y ^'/•y *viy; vv- vvi yiv 

..ii.>y^.ftW4>4-'^'^^>{'-^k> 
yk yiv )54! <f y <|y -vjy; vV. yk,] 

.'^ y^/ y}v yjv / jy My: 'M '^f* 



^4 



yki yff yJv i<|y fMrA 



•yKjC 4y- 




wo 2004/010068 




;T/JP2003/009202 



15/23 

H 1 5111 



D CD') 




wo 2004/010068 




^|lcT/JP2003/009202 

16/23 

Ml em 

f51 



wo 2004/010068 



T/JP2003/009202 



17/23 



1 7 



(a) 




(b) 



























— 








^) 


















































































( 














































































) 


<^ 






— 




— 








— 




















— - 



mx.mm. (mm 



wo 2004/010068 




;T/JP2003/009202 



20/23 

112 om 




wo 2004/010068 



:T/JP2003/009202 



21/23 



2 1 



(a) 



(b) 




sXX\V\\X\V\XVNX\SXNSX\X\^^ 

owxxxvxs\xxxsxx\sxx\ss\\vvs.\n: 

SNX\\X\\\\\X\NXNXXXXN\NXXN\VV 

^ssxxs^s^sxxxsxxs^^XNsxNN^.^^x 

O^X\S\\\\\\\\\X\\V.SNN\N\VSS\V 
SXNX\NN\\NX\NNXN\XXXN^^ 

•^NXXXXXXXXXXXXNXXXXXXXXXXXXXX' 
Os.XXXXXXXXXXXXXXXXXXXXXXNXX\V 
0\XXXXXXX\X\XXX\\XXX\W\X\XXV 

sxxxxxxxxxxxxxxxxxxxx\xxx\xsv 

sNNXXSVXXXXXXXNXXVsNXXXXNXXXX 
\\N\\XXX\XXXX\XXX\XXXXXXXXX\X" 
OsXXWXXXXXXXXXNXXXXXXXXXXXXV 
vXXWXSXNNXXXXXXXXXXXXXXXXXSX 
kXXX\\X\XXXXXXXXXS\\XVs\XXXXX 
'*NX\\\S\NXXX\NX\VsXXX\XXXXXXV 
<\NX\XXXXXXXXSXXXXNXXXXXXXXXV 

s\xx\x\xxxxxxxxxxxxxxxxxxxx\x- 

s\XXXXXXXXXXVsSXSNSXSXXSX\XSV 
hXXXXXXXXXXXXXXXXXXXXXXXXXXXV 
\NX\\X\XXNX\X\XXSSXXX\\\X\XXV 
v\XX\S\XXXNXX\XXXXXXS\S\XXX\V 
vXXSSXXXXXVXXNSXXXXXXXXXXXX^ 
sXXXXXXXY>VV\V^\Ny-^ 

>\xxvxvv4ri Svb>^'^*^^^^'' 

vSXXV* 

vSXXXNy* VSjXXXSX' 
^XXXVSV CfcXXXXV 





< D, D' 



-BF- 



Q 



VXNXXXNXXXXXXXXXXXXSXXXXXXXXV 

»^^^wXN\xxx\x\\vx\^^^xxxv^^^xv 

SXNXXX\X\XXXXXXX\XX\XXXXXXXXV 
S\NWSS\XXX\\XXX\XX\XXXX\XXXX' 

vxxxxxxxxxxxxxxxxxxxxvxxxxxxv 

vXNVsSXXXXXXXX\NXXSXXXXX\XXXV 

snxxxnxxxxxxxxxxxxxsxxxxxxxxv 
sxxsxxxnxxxxxxxxxxxxxxxxxxxxx- 
^xxnxxnxxxxnxxxnxnxxxxxvsnsnn: 

kXXXXXVXXXXXNXXXXXXXXXXXSXXXX* 
>N\X\\XXXXXXXXXXXXXXXXXXXXX' 
SXNNX\\\\\\NSXXS\\NXX\XN\XXX\ 
SNXVXXXXXXXXXXXXXXXVwXXXXXXXV 
VXXXXXXXXXNXXVXXSXXXXXXXXXXXV 
sNXX\X\\\X\\\\\X\XX\\X\\\X\\\ 

ixxxxxxxxxxxxxxxxxxxxxxxxxxxx- 

OvXNNNXXXXXXXXSNXNNNXXXXXXXXV 
»vXXVXX\XXXXXXXXXXXXXXXXXXXXXX- 
sNXXXXSXXXXXXXXXXXXXXXXXSXXXX 
S\XXXXX\X\XN\XXXS,XXXXS\X\X\XX 
SX\XXXN\XV\X\XXX\XX\XXX\\XXW 
OsXXXXXXXXXXXXXXXXXXXXXXSViXV 
\XXXXXXXXXXXXXXXXXX\XXXXXXXXX' 
AXXNXXXXXXXXXXXXXXXXVXXXXXXX' 
SXNNXNXXXXXXXXXNXXXNXNXXXXNXN 
OCXXXXXXXXXSXXXSSXXXXXXXXXXNX' 
vXXNXX\\X\XXSX\XNXX\XNX\\\S\X 
sXXNNXNXXXXXNXXXXXXXNXXXSX" 

sxxxxxxxxxxxxxxxxxxxvs; 

^XXSNXXXXXXXXXS*^ 

- . -. ^ . ' 
s\xxxxxxx\xxxx\xx\xxx\xx\x\\xi 





wo 2004/010068 



:T/JP2003/009202 



22/23 

2 



(a) 



(b) 




wo 2004/010068 



;T/JP2003/009202 



23/23 



2 3 



(a) 



\SNVsXVsW 





(b) 



.XXXX\N\NVXXNXNNX\XXXXXXXSXNNXNXX\NS\X^ 
XX\\\\XS\X\\SX\N\\XXX\XSXXX\XXX^^^ 
\NXS\\NN\NNNNN\SS\SSSXNNXNXXVNXNS^ 
N\XXXN\\XSNS\\V\\NXXSSXXX\XNNN^^ 

N\NNXX\SXXXNXNNNS\SSXSS\N^^ 
X\SS\X\XXXNNNXSXSNSSSSXXS\XXSSNXSV 



S,NS\\N\\\\S\NXXNXSXXNVXNN\\XVN\^^^ 
sNXXX\\\\\NXXN\SXSSSSNXNN\\X^^^ 

kx\\nv\\\nxxxxnxsxnn\n\xnn\\sn\x^ 
^x^^^\\^sxx\^\^NNxsxx^xN\^sxNNXNXN^ 

wXXNNXX\\XVX\XK\NX\XXX\XNS\X^ 




(R)- 



INTERNATI 



SEARCH REPORT 



IntematiOiral application No. 

PCT/JP03/09202 



A. CLASSBPICATION OF SUBJECT MATTER 
Int.Cl^ F28D9/00 



According to International Patent Classification GPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl^ F28D9/00, F01N3/24, B01D53/86-53/94 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1926-1996 Torolcu Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Microfilm of the specification and drawings annexed 
to the request of Japanese Utility Model Application 
No. 98677/1984 (Laid-open No. 13171/1986) 
(Tsuchiya Mfg. Co., Ltd.), 
25 January, 1986 (25.01.86), 
Full text; Figs. 1 to 12 
(Family: none) 

EP 1016777 A2 (AB VOLVO, ENKLAVEN AB) , 

29 December, 1999 (29.12.99), 

Full text; Figs. 1 to 5 

& 2000-189757 A 

Full text; Figs. 1 to 4 



Relevant to claim No. 



X 
Y 



1-3 
4,7,8,20 



X 
Y 



1-4,7 
8,20 



p<] Further documents are listed in the continuation of Box C. See patent famhy annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"B' eariier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s} or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
08 October, 2003 (08.10.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 

21 October, 2003 (21.10.03) 



Authorized officer 



Telephone No. 



Form PCT/ISAy210 (second sheet) (July 1998) 



INTERNATIO 



EARCH REPORT 



lulexualiuRIFappiiuition No. 

PCT/JP03/09202 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 



X 
Y 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 2002-188435 A (Toyota Motor Corp.)/ 
05 July, 2002 (05.07.02), 
Full text; Figs. 1 to 9 
(Family: none) 

JP 11-264679 A (Konica Corp.)/ 
28 September, 1999 (28.09.99), 
Full text; Figs. 1 to 6 
(Family: none) 

JP 50-61509 A (Toyota Motor Co., Ltd.), 
27 May, 1975 (27.05.75), 
Full text; Figs. 1 to 9 
(Family: none) 



Relevant to claim No. 



8 



1 

20 



1/2,4 



Fonn PCT/ISAy210 (continuation of second sheet) (July 1998) 



INTERNAIIOJ^PSEARCH REPORT 



imtiUdlW jppliiation No. 

PCT/JP03/09202 



Box I Observattons where certain claims were found unsearchable (Continnation of item 2 of first sheet) 



This inteniational search report has not been established in respect of certain claims under Article 17(2}(a) for the following reasons: 
1. QaimsNos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found multiple inventions in this intemational application, as follows: 

Claim 1-4, 1 , S, and 20 relate to a reactor using an autothermal-type heat 
exchanger . 

Claim 5 relates to a reactor using thermal storage. 

Claim 6 relates to a reactor having a filter. 

Claim 9 relates to a radiation heater having a burner. 

Claim 10 relates to a radiation heater having a catalyst. 

Claims 11, 12, and 17-19 relate to a structure body of a heat exchanger. 

Claim 13 relates to material of a heat exchanger. 

Claims 14-16 relate to a structure of a heat exchanger. 

1. I I As all required additional search fees weie timely paid by the applicant, this intemational search report covers all searchable 
claims. 

2.. I I As all searchable clainas could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers 
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